INTRODUCTION
In August 1999, EnerTech Environmental, LLC (EnerTech) and the Federal Energy Technology Center (FETC) entered into a Cooperative Agreement to develop the first SlurryCarb ™ facility for converting Municipal Sewage Sludge (MSS) into a high-density slurry fuel, which could be co-utilized with coal in various industrial applications. Funded primarily by private investors, this program was divided into two major phases, Project Definition (Phase 0) and Design, Construction, and Operation (Phase 1). Project Definition, performed during this reporting period, was designed to define the project from a technical, economic, and scheduling standpoint. Once defined, much of the project risk would be appropriately mitigated thereby providing stakeholders, such as FETC, less risk when investing in the more costly Phase 1, which includes the design, construction, and operation of the first SlurryCarb ™ facility.
Since May 1999, EnerTech has made significant progress in the tasks required in Phase 0 for bringing this project to Phase 1. These accomplishments have enhanced the probability for success thereby reducing the risk to the United States Department of Energy's (DOE) for its investment in the project. Phase 0 technical accomplishments include:
• Locating and securing a project site for the 60 dry ton per day (DTPD) SlurryCarb ™ facility;
• Locating and securing a project partner who will supply the necessary MSS for the project revenue stream;
• Completing the basic engineering of the project, which included value engineering for reducing technical risk and lowering project costs (final drawings, detail technical review, test runs on process development unit, fuel production for fuel usage research, and final cost estimate all pending);
• Research and a market study necessary for finding a potential fuel user, which included working with General Electric Environmental Research Corporation (EER) with a focus on coal utilization (locate actual fuel user and detailed combustion research pending);
• Beginning the National Environmental Policy Act (NEPA) process necessary for the DOE involvement (final NEPA report pending);
• Completing the basic design for the fuel delivery system and developing a research protocol for testing required by the fuel user (actual fuel testing pending); and
• Locating engineering, procurement, and construction firm (EPC) to provide a fixed price guaranteed schedule for the project (EPC contract negotiation pending).
For this project, a semi-annual technical progress report is required to describe the technical progress made during the duration of the budget period.
PROJECT SUMMARY
The objectives of the project were to design, construct, and operate a fully integrated Process Design Facility (PDF) incorporating the SlurryCarb  technology to generate a carbonized fuel from MSS or other organic wastes and to conduct combustion testing of the product slurry fuel in co-firing applications with coal. Project Definition consisted of six tasks and had an overall objective to provide for project baselining in order to minimize the technical and economic risk associated with the performance of the project. Risk minimization was accomplished by establishing satisfactory management, coordination, and controls essential to the conduct of the project and successfully completing the NEPA review in a timely manner. The six major tasks of Phase 0 included Technical Baselining, Economic Baselining, Schedule Baselining, NEPA Review, Project Management, and Go/No-Go Decision. This phase will culminate in a go/no-go decision for both parties prior to continuance of the project into Phase I -Design, Construction, and Operation. For this reporting period, Phase 0 -Project Definition and its tasks will be described from work performed during the last six months and any problems encountered to work that is planned for the next reporting period.
WORK PERFORMED DURING REPORTING PERIOD
Site selection and sludge procurements were finalized during this reporting period. The completion of site and sludge agreements was necessary for completion of the remaining tasks of Phase 0. Spectraserv, a large waste hauler in NJ, agreed to lease 1.5 acres of their site to EnerTech and to procure 66.5 DTPD of MSS for 20 years. The site is located in South Kearny, New Jersey.
With the site and sludge supply secured, and based on the Statement of Work in the Cooperative Agreement between EnerTech and FETC, the following goals must be met in the technical baselining phase:
1. Mitigation strategies will be developed and evaluated in order to address the technical issues of the process and the project, which will include re-scoping, re-direction, and/or re-engineering various elements of the project as necessary to reduce the technical risk and economic risk.
2. This work will result in a basic design package, which will form the basis for detailed design.
To accomplish the above objectives, EnerTech needed to add to its team an engineering firm (EPC) and a company capable of addressing technical risk.
In September 1999, AGRA/Simons Engineering (Simons) was selected as the EPC to determine the facility cost estimate for the Technical Baselining in this project. After careful consideration of bids from four EPC firms, Simons was determined as the most cost competitive and provided the best package for overall project success. Simons contributed to Task 0.1 by performing the basic engineering necessary to prepare the Project Management Plan and to complete the Technology Risk Study. From the basic engineering, Simons provided a fixed price turnkey estimate. The current budget price for the facility is approximately $20 million (hard costs only). During the current reporting period EnerTech and Simons will work further to reduce the costs of the plant and to integrate the PDF design with the infrastructure existing on the site. Without the work performed by Simons, the tasks of Economic Baselining, Schedule Baselining, and Project Management could not be performed.
During the reporting period, Hartford Steam Boiler Insurance and Inspection Company (HSB) was added to the team. HSB's primary function was engineering insight and risk assessment. HSB has engineering knowledge and industry experience to review technological risks and validate a project's technical merit. HSB also works with project managers and financiers to manage technical risks, enhance efficiencies, avoid design problems and otherwise do everything in their power to increase the project's success. More specifically, and more in line with the goals of the technical baselining, HSB functions as a strategic engineering consultant to management, contributing ideas to refine designs and project structure, to avoid failures and to enhance a project's overall success and business value.
The EnerTech/Simons/HSB team identified the following technical issues as most critical: materials of construction, pressure let-down, the reactor, sludge handling, and wastewater treatment. Materials of construction work concluded that exotic alloys will be needed for the high pressure section because of chlorine content in MSS. Such alloys are included in the project estimate. Simons surveyed vendors in other industries regarding pressure let-down and found several vendors with solutions for this challenge. The reactor and heat exchanger design were concluded with the heat exchanger pressure drop determined. Simons assigned a sludge expert to the project and along with EnerTech's expertise the design addressed issues unique to sludge. Finally, Simons surveyed various vendors regarding the wastewater issues. Simons is not concerned that the BOD/COD levels will be a problem and a final solution will be determined during the next reporting period.
Regarding the basic engineering mentioned above, the EnerTech/Simons/HSB team developed the basic process flow diagrams, P&IDs, and material and energy balances. The basic process flow diagram and material and energy balances are included in Appendix A.
EnerTech has been working very diligently in located a fuel user. As discussed with FETC during the last technical review meeting, EnerTech would need to raise additional dollars for specific fuel testing. In September 1999, EER won a DOE SBIR program to primarily do specific combustion tests for the slurry fuel. Of the total $750K award, $150K was sub-awarded to EnerTech to generate the fuel for testing purposes. EnerTech will generate at least 2000 pounds of slurry fuel produced from Spectraserv sludge, and over two phases, utilize the slurry fuel for combustion testing. The first phase would generate data for general combustion characteristics of the carbonized sludge, and the second phase, if budget allows, is expected to generate specific data dependent upon the needs of the potential fuel users, who would provide the baseline for the combustion work done by EER. Fuel production is scheduled for the next reporting period.
EER performed fuel research and market studies for potential fuel users with the main focus towards coal utilization. The team completed the objectives to perform market definition, to locate potential boilers to utilize fuel in the area, and to perform a very general estimate regarding the fuel delivery system. The results from the studies indicated 25 viable candidates, which utilize coal within a 75-mile radius. The list was compiled with information provided by FETC and other industry sources. The team also produced a "fact" sheet to present to potential users in order to determine interest levels. Currently, EnerTech is developing a business plan for locating a fuel user and awaits a proposal from EER for assistance in this search. The fact sheet is included in Appendix B.
Finally, NEPA work was performed by FETC on the Spectraserv site. With the fuel work to be done with EER, the final combustion side of the NEPA evaluation can be concluded. This will be done during the next reporting period.
In addition to co-utilization with coal and to be investigated under this FETC program, EnerTech has found potential for the integration of the SlurryCarb technology with another industrial application, known as gasification. EnerTech has submitted several proposals entitled "Advanced Feed Systems for the Gasification of High-Density Slurry Fuels from Low-Value Feedstocks" (under a DOE SBIR solicitation) and "Co-Feeding Upgraded Sewage Sludge Feedstocks for Gasification" with support to Adelphi University (under a DOE solicitation).
Finally, many non-technical accomplishments were made during the reporting period. First, the financial parameters for the project were defined. EnerTech determined the methods for raising the necessary equity and debt to finance the project. All goals pertaining to these activities were accomplished. Also, EnerTech hired Roy F. Weston to perform a market study in New Jersey, which concluded that there was ample MSS in the marketplace at a price to support the project's economics.
CURRENT PROBLEMS ENCOUNTERED
Before the completion of the above-mentioned technical accomplishments, decisions and resolutions were carefully orchestrated as to enhance the success of the project, which included special attention to the requirements of the DOE and the financial sources. Problems encountered during this reporting period will be addressed and the solutions will be discussed.
The initial facility cost estimate provided by Simons was in excess of original estimates. This was as a result of several factors: the technical concerns mentioned above, materials of construction, and labor rates in New Jersey. Additional hours were allotted to the value engineering process, which was to re-evaluate certain assumptions made in the basic design in an attempt to reduce costs. To facilitate this effort, a technical review committee meeting was held in Atlanta. Attendees were EnerTech, Simons, HSB, and Spectraserv. The meeting was held on January 27 th and the teams are now performing the value engineering tasks assigned to them at the meeting. Indications from this meeting are that the original cost estimate can be significantly reduced.
EnerTech's subcontract with EER is to generate ∼2000 pounds of fuel for combustion work by EER. Originally, Hydrocarbon Technologies, Inc. (HTI) was chosen to do the fuel production work for EnerTech. However, initial estimates indicated that the cost of the work would be in excess of $375K. The sub-award to EnerTech was only $150K. To resolve these funding issues, EnerTech considered other options such as re-negotiations with EER or HTI to produce less fuel, other facilities similar to HTI, and increasing the capacity of EnerTech's existing Process Development Unit (PDU).
After careful consideration, it was determined that increasing the PDU capacity was the most economical choice with greater long term benefits for the success of the project. With recommendations from Simons and HSB, construction of the new PDU was underway. The operation of the PDU will complete many tasks for this project. First, it will complete EnerTech's fuel production obligations for EER as well as for Task 1.3 in Phase 1. Second, data obtained from the fuel runs will answer several theoretical process questions as well as indicate the slurry carbonization performance of distinct feedstocks and of variable operating parameters. Finally, the PDU will be EnerTech's first modular unit, which can be transported to various locations for further demonstration and testing of this innovative technology.
WORK PLANNED FOR THE NEXT REPORTING PERIOD
For the next reporting period, EnerTech plans to finalize all value-engineering and estimates in order to complete the basic engineering of the project, and will continue to perform market studies for potential fuel users. PDU construction is scheduled for completion in mid-March with plans for immediate shake-down testing and fuel production by mid-April through July.
With the site and sludge agreements complete and fuel production done the NEPA review will be completed. Utilizing the engineering estimate, EnerTech will be able to determine the exact funding necessary to finance the project. The combination of debt and equity will then be raised. EnerTech and EER will continue to seek the fuel user for the NJ project with the goal of finding a user and integrating their boiler characteristics with the fuel testing. EnerTech will also continue feasibility work for gasification. Finally, EnerTech will complete all the necessary reporting for FETC necessary to determine the go/no-go decision.
ASSESSMENT OF FUTURE PROGRESS
With the successful completion of Project Definition, EnerTech's SlurryCarb  facility awaits the next phase, Design, Construction, and Operation, in South Kearny, New Jersey. To date, EnerTech has completed or will complete during the next reporting period, the primary tasks of Phase 0 to bring the project closer to reality. The conclusion of Phase 0 will determine whether or not there is a viable project -indications to date is a resounding "yes." The current team of EnerTech, AGRA/Simons, Hartford Steam Boiler, and General Electric EER, all committed core competencies, which enhance the project's success. The team continues to be completely focused and committed to delivering a full-scale 66.5 DTPD plant at the end of this project. 
APPENDIX A

Note: Oxygen by Difference
Note: E-Fuel data above represents a sample from R.L. Sutton Wastewater Treatment Plant in Atlanta, Georgia. Actual characteristics will vary based on the feed material. The Btu/lb, HHV (dry) can range from 6,800 -12,000 depending on its ash content. 
ELEMENTAL ANALYSIS OF THE ASH (%) OF E-FUEL
